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(54) Robust determination of handwheel position 

(57) An absolute hand-wheel position tracking sys- 
tem (10,110) for an electric power steering system (70) 
having a hand-wheel (76), an assist motor (94) for pro- 
viding an assist torque disposed relative to the hand- 
wheel (76), and a motor position sensor (95) responsive 
to the assist motor (94), includes a hand-wheel position 
initialization function (12, 112) responsive to the hand- 
wheel (76); a motor position correction and scaling func- 



tion (16, 116) responsive to the motor position sensor 
(95) and responsive to the assist torque; an enable func- 
tion (14, 114) responsive to the assist torque and re- 
sponsive to the hand-wheel position initialization func- 
tion (1 2, 1 1 2); and an absolute hand-wheel position gen- 
eration function (18, 118) in signal communication with 
the hand-wheel position initialization function (12, 112), 
the motor position correction and scaling function (16, 
116), and the enable function (14, 114). 
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Description 
BACKGROUND 

[0001] In an Electric Power Steering ("EPS") system, 5 
it may be desirable to provide the absolute hand-wheel 
position. This position may be used, for example, to 
cause the hand-wheel to return to center following a 
steering input. The return to center effect simulates the 
self-aligning torque due to positive caster of a conven- 10 
tional manual steering system, and causes the vehicle 
to be more comfortably controlled by a driver. To deter- 
mine the center, absolute hand-wheel position informa- 
tion may be used. Typically, the absolute hand-wheel 
position is derived using a dual triangular wave ("DTW") « 
sensor to provide two position signals from which the 
relative position within 360 hand-wheel degrees is ob- 
tained. This information is then used by typically com- 
plex algorithms to determine the absolute hand-wheel 
position. A function of the algorithms is to provide the 20 
revolution offset or the "turn" at which the hand-wheel 
is currently positioned. 

[0002] To perform this task, typical algorithms may 
make use of torque signals and relative position signals 
to estimate the driving conditions and vehicle dynamics, 25 
require the hand-wheel to have moved through a certain 
travel to produce a travel exclusion signal, and/or use a 
previous position signal that is retrieved from a micro- 
processor memory. 

30 

SUMMARY 

[0003] The above described and other features are 
exemplified by the following Figures and Description in 
which an absolute hand-wheel position tracking system 35 
for an electric power steering system having a hand- 
wheel, an assist motor for providing an assist torque dis- 
posed relative to the hand-wheel, and a motor position 
sensor responsive to the assist motor, includes a hand- 
wheel position initialization function responsive to the 40 
hand-wheel; a motor position correction and scaling 
function responsive to the motor position sensor and re- 
sponsive to the assist torque; an enable function re- 
sponsive to the assist torque and responsive to the 
hand-wheel position initialization function; and an abso- * 5 
lute hand-wheel position generation function in signal 
communication with the hand-wheel position initializa- 
tion function, the motor position correction and scaling 
function, and the enable function. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Referring now to the Figures wherein like ele- 
ments are numbered alike: 

55 

FIG. 1 is a schematic diagram of an electric power 

steering system having a controller; 

FIG. 2 is a state-transition diagram for a hand-wheel 



position initialization function of the controller of 
FIG. 1; 

FIG. 3 is a schematic diagram of a hand-wheel po- 
sition tracking state-transition function correspond- 
ing to the state-transition diagram of FIG. 2; 
FIG. 4 is a schematic diagram for an absolute hand- 
wheel position tracking system portion of the con- 
troller of FIG. 1 ; 

FIG. 5 is a schematic diagram for an alternate ab- 
solute hand-wheel position tracking system; 
FIG. 6 is an offset error integration function for an 
absolute hand-wheel position tracking system; 
FIG. 7 is a schematic diagram for a hand-wheel po- 
sition initialization function for an absolute hand- 
wheel position tracking system; and 
FIG. 8 is a schematic diagram for an alternate hand- 
wheel position initialization function for an absolute 
hand-wheel position tracking system. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0005] An absolute hand-wheel position tracking sys- 
tem for an electric power steering ("EPS") system 
makes the process of hand-wheel position tracking 
highly robust to hand-wheel position sensor failures and 
less complex in terms of software overhead. In addition, 
the method and apparatus of the tracking system may 
be substituted for direct absolute hand-wheel position 
sensing in many applications. 

[0006] The new method uses hand-wheel position in- 
formation to calibrate or initialize motor position infor- 
mation, and thereafter uses the corresponding motor 
position signal as the source of the primary position in- 
formation. Motor position information is already availa- 
ble within many EPS systems that use such sensor sig- 
nals for motor commutation. 

[0007] Referring to FIG. 1 , reference numeral 70 gen- 
erally designates an EPS system for a motor vehicle. A 
steering mechanism 72 is a rack-and-pinion type mech- 
anism that includes a toothed rack (not shown) and a 
pinion gear (also not shown) located under a gear hous- 
ing 74. A steering wheel 76 is coupled to an uppersteer- 
ing shaft 78. As the steering wheel 76 is turned, the up- 
per steering shaft 78, which is connected to a lower 
steering shaft 80 through a universal joint 82, turns the 
pinion gear. Rotation of the pinion gear moves the 
toothed rack, which moves tie rods 84 (only one shown) 
that, in turn, move steering knuckles 86 (only one 
shown), which turn wheels 88 (only one shown). 
[0008] EPS assist torque is provided through an as- 
sist unit generally designated by reference numeral 90, 
which includes a controller 92 and an electric motor 94. 
A motor position commutation sensor 95 measures the 
relative position of the motor 94. The controller 92 is 
powered by a vehicle power supply 96 through a supply 
line 98. The controller 92 receives a signal indicative of 
the vehicle velocity on signal line 1 00. Initial hand-wheel 
position is measured by hand-wheel position sensor 1 02 
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and fed to the controller 92 through line 104. Position 
sensor 102 may be an optical-encoding type of sensor, 
a variable resistance type of sensor, or any other suita- 
ble type of position sensor for performing the functions 
of the hand-wheel position sensor 1 02. 5 
[0009] As the steering wheel 76 is turned, the torque 
sensor 103 senses the torque applied to the steering 
wheel 76 by a vehicle operator. The torque sensor 1 03 
may include a torsion bar (not shown) and a variable- 
resistance type of sensor (also not shown) that outputs I 
a variable resistance signal to the controller 92 through 
a line 1 06 In relation to the amount of twist on the torsion 
bar. Other suitable torque-sensing devices used with 
known signal processing techniques will suffice in alter- 
nate embodiments. 

[0010] In response to the inputs on lines 100, 104 and 
1 06, the controller 92 sends a command signal through 
line 108 to the electric motor 94. The motor 94, in turn, 
supplies torque-assist to the steering system through a 
worm 1 07 and a worm gear 1 09, in order to provide a < 
steering torque assist to the vehicle steering system in 
addition to a steering force exerted by the vehicle oper- 
ator. 

[0011] Turning now to FIG. 2, the controller 92 of FIG. 
1 includes a hand-wheel position initialization function 
having a state diagram generally designated by the ref- 
erence numeral 60, including an initialize state 62 and 
an operate state 66. In the initialize state 62, the hand- 
wheel position initialization function (described below) 
determines the validity of hand-wheel position sensor 
signals in order to calculate the measured hand-wheel 
position by taking multiple sensor readings over a period 
of time to determine the validity of the received sensor 
signals. 

[0012] If the position initialization function determines 
that the signals are invalid for a given period of time, as 
described below with respect to FIG 3, it produces a sig- 
nal indicative of a failed initialization and the hand-wheel 
position initializationfunction enters a failed initialization 
state 64. If the current state of the hand-wheel position 
initialization function is the initialize state 62 or the failed 
initialization ("Failed Init") state 64, and the position 
function determines that the signals are valid for a given 
period of time, then the hand-wheel position initialization 
function returns a signal indicative of a successful ini- 
tialization, and the hand-wheel position initialization 
function enters operate state 66. In the operate state 66, 
the hand-wheel position initialization function calculates 
a measured hand-wheel position with a calculation func- 
tion (described below) until operation is disabled and the 
hand-wheel position initialization function enters a dis- 
able operation state 68 where the measured hand- 
wheel position is not used. 

[0013] Thus, during operation in the initialize state 62, 
the software determines if the hand-wheel position sig- 
nals are valid in order to allow calculation of an absolute 
hand-wheel position, initialize system timers, and mon- 
itor validity inputs for the timer duration to accordingly 



update the state-transition vector and execute state 
function logic (described below with reference to FIG. 
3) to set the outputs. 

[0014] The hand-wheel position initialization function 
; operates in the FAILED INIT state 64 if it failed to deter- 
mine that the hand-wheel position signals were valid on 
initialization. The appropriate fault flags are set and the 
software executes timer functions and monitors validity 
inputs to accordingly update the transition vector and 
o execute state function logic to set the outputs once the 
initialization is successful. 

[0015] The hand-wheel position initialization function 
operates in the OPERATE state 66 to compute the 
hand-wheel position as described below. The hand- 
's wheel position initialization function continues to moni- 
tor the validity inputs to accordingly update the state- 
transition vector and execute state function logic to set 
the outputs. The hand-wheel position initializationfunc- 
tion will enter the disable operation state 68 when a sig- 
20 nal becomes invalid and start checking timers. 

[0016] As shown in FIG. 3, a hand-wheel position 
state logic function is indicated generally by the refer- 
ence numeral 270. A state logic unit 272 receives a sig- 
nal indicative of a valid hand-wheel sensor signal, a sig- 
25 nal indicative of a short-duration timer value from a 
short-duration timer 274, and a signal indicative of a 
long-duration timer value from a long-duration timer 
276. The state function 270 produces outputs including 
an initialize integrator flag, a valid hand-wheel position 
30 initialization flag, a hand-wheel position fault flag, a 
short-duration timer reset value for the short-duration 
timer 274, and a long-duration timer reset value for the 
long-duration timer 276. 

[0017] In operation, the valid hand-wheel position in- 
35 itialization flag is TRUE if all status check signals are 
true, and FALSE if any status check signal is false. The 
short-duration timer is used to verify the signal status. 
The timer is reset when the current value of the valid 
hand-wheel position flag does not equal the previous 
40 value. The short-duration timer is incremented and lim- 
ited to a first calibratable threshold. The timer status is 
used to generate the "T input to the state logic unit 272. 
If the timer value is greater than or equal to the first cal- 
ibratable threshold, "T" is TRUE and the timer is limited 
45 to the threshold. If the timer is less than the first calibrat- 
able threshold, "T" is FALSE and the timer continues to 
operate. 

[0018] The long-duration timer is used to verify the 
signal status for a longer time duration than the short- 
50 duration timer. The long-duration timer is also reset 
when the current value of the valid hand-wheel position 
initialization flag does not equal the previous value. The 
timer is incremented and limited to a second calibratable 
threshold. The timer status is used to generate the "L" 
55 input. If the timer value is greater than or equal to the 
second calibratable threshold, "L" isTRUEandthetimer 
is limited to the threshold. If the timer is less than the 
second calibratable threshold , "L" is FALSE and the 
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timer continues to operate. 

[0019] Thus, the shorter duration timer flag T is mon- 
itored to check for valid sensor signals, but if the sensor 
produces an invalid signal during this shorter period, the 
longer duration timer flag L is monitored to assure that 
the sensor signal remains valid for a longer period of 
time following the initial invalid signal. The hand-wheel 
position fault flag "F" is used to indicate a fault. "F" is the 
hand-wheel position fault output for the hand-wheel po- 
sition function 12 of FIG. 4, described below. "F" is 
TRUE to indicate that a fault exists and "F" is FALSE to 
indicate that no hand-wheel position fault exists. "F" is 
initialized to FALSE. 

[0020] The valid hand-wheel position initialization flag 
"I" is TRUE once the hand-wheel position function has 
been initialized correctly. "I" is the valid initialization flag 
for the hand-wheel position function 12 of FIG. 4. "I" is 
TRUE to indicate that the function initialized correctly, 
and FALSE to indicate that the function has not initial- 
ized correctly. At start-up, "I" is initialized to FALSE. 
[0021] The initialize integrator state flag "S" is TRUE 
to indicate that the software has transitioned from either 
the INITIALIZE or the FAILED INIT state to the OPER- 
ATE state. At start-up, "S" is initialized to FALSE. This 
flag is used for initializing the state variable of the Offset 
Error Integrator function, described below. The T and L 
timers are only used by the state logic unit 272. 
[0022] Turning now to FIG. 4, reference numeral 10 
generally designates an absolute hand-wheel position 
tracking system of the controller 92 of FIG. 1 . A hand- 
wheel position and initialization function block 12 re- 
ceives signals indicative of the measured hand-wheel 
position from a sensor or predictive estimator, such as, 
for example, a dual triangular wave ("DTW") sensor (not 
shown), and directly determines the measured hand- 
wheel position. 

[0023] The hand-wheel position initialization function 
block 12 also produces a binary signal indicative of a 
valid absolute hand-wheel position initialization, as well 
as a binary signal indicative of any hand-wheel position 
faults. The binary signals and a signal indicative of an 
assist torque are received by an enable function block 
14, which produces a binary enable signal if there has 
been a valid initialization, there are no present hand- 
wheel position faults and the assist torque is less than 
a threshold torque to account for excessive wind-up. 
[0024] A motor position correction and scaling func- 
tion block 1 6 receives a signal indicative of motor posi- 
tion from the motor position sensor 95 of FIG. 1 and the 
signal indicative of assist torque from one of the torque 
sensor 1 03 of FIG. 1 or from the assist torque command 
signal, scales the signal indicative of motor position by 
a constant value, corrects for compliance error due to 
assist torque , and feeds the signal indicative of a scaled 
and corrected motor position to an absolute hand-wheel 
position generation function block 18. 
[0025] The absolute hand-wheel position generation 
function block 18 also receives a signal indicative of 



measured hand-wheel position from the hand-wheel po- 
sition initialization function block 12, and receives the 
binary enable signal from the enable function block 14. 
The absolute hand-wheel position generation function 
5 block 18 produces a signal indicative of the absolute 
hand-wheel position. 

[0026] Thus, in operation, the inputs of the absolute 
hand-wheel position tracking system 10 are assist 
torque, hand-wheel position sensor and motor position 

10 signals, and the output is an absolute hand-wheel posi- 
tion signal. Measured hand-wheel position is used to in- 
itialize the motor position, which is used, in turn, to pro- 
vide the output absolute hand-wheel position signal 
whether or not the current measured hand-wheel posi- 

15 tion signal is valid. 

[0027] When steering assist is provided, the motor po- 
sition has a small compliance with respect to the output 
shaft due to the motor coupling. The absolute hand- 
wheel position tracking system 10 compensates for this 

20 compliance to increase the accuracy of the absolute po- 
sition signal. 

[0028] Referring now to FIG. 5, an alternate embodi- 
ment absolute hand-wheel position tracking system is 
generally designated by the reference numeral 1 1 0. The 

25 absolute hand-wheel position tracking system 110 is 
similar to the absolute hand-wheel position tracking sys- 
tem 10. Accordingly, like reference numerals preceded 
by the digit "1" are used to reference like features. 
[0029] A hand-wheel position initialization function 

30 block 1 1 2 receives signals indicative of measured hand- 
wheel position, determines the validity of the position 
signal inputs for input to an enable function block 114, 
and outputs the initial measured hand-wheel position. 
The hand-wheel position initialization function block 112 

35 also produces binary signals indicative of any hand- 
wheel position sensor faults, and a signal indicative of 
a valid initialization of the hand-wheel position initializa- 
tion function 112. The validity signals and a signal indic- 
ative of the assist torque are received by the enable 

40 function block 114, which produces a binary enabling 
signal. A motor position correction and scaling function 
block 11 6 receives a signal indicative of assist torque at 
motor compliance compensation block 122, and com- 
putes a compliance error. A summing junction 124 re- 

45 ceives a signal indicative of motor position from the mo- 
tor position sensor 95 of FIG. 1 , and corrects the motor 
position signal for any computed compliance error by 
subtracting the compliance error received at its inverting 
input. The output of the summing junction 124 is re- 

50 ceived by a scaling function 126 that scales the signal 
by a constant value corresponding to a motor gear ratio, 
and feeds the signal indicative of a scaled and corrected 
motor position in hand-wheel units to an absolute hand- 
wheel position generation function block 118. 

55 [0030] The absolute hand-wheel position generation 
function block 118 receives the signal indicative of 
measured hand-wheel position from the hand-wheel po- 
sition initialization function block 112 at an inverting in- 
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put of summing junction 1 28, which feeds a signal indic- 
ative of a hand-wheel position offset error to an error 
integration function block 120. The error integration 
function block 120 is enabled according to the binary 
enabling signal received from the enable function block 
114. When the error integration function block 120 re- 
ceives a logically false binary enabling signal, it ceases 
to adjust the offset error but continues to output a signal 
indicative of the motor position zero by holding the last 
valid motor position zero. 
[0031] The motorposition zero is held to the last value 
by disabling the integration of further corrections until 
the measured hand-wheel position signal again be- 
comes valid. The signal indicative of the motor position 
zero is received atthe inverting input of a summing junc- 
tion 130, which receives at its non-inverting input the 
signal indicative of a scaled and corrected motor posi- 
tion from the scaling function 1 26, and produces a signal 
indicative of a calculated absolute hand-wheel position 
that is fed back to the non-inverting input of the summing 
junction 128. 

[0032] The signal indicative of calculated absolute 
hand-wheel position is received by a switch function 
block 132. The switch function block 132 also receives 
the signal indicative of a valid hand-wheel initialization 
from the hand-wheel position function block 112. When 
the signal indicative of a valid hand-wheel initialization 
is logically false, the switch function block 132 outputs 
a zero or null signal. When the signal indicative of a valid 
hand-wheel initialization is logically true, the switch 
function block 132 outputs the signal indicative of cal- 
culated absolute hand-wheel position received from the 
summing junction 130. 

[0033] Thus, in operation, the inputs of the absolute 
hand-wheel position tracking system 1 1 0 are signals in- 
dicative of measured hand-wheel position, motor posi- 
tion, and assisttorque, and the primary output is a signal 
indicative of absolute hand-wheel position. Measured 
hand-wheel position is used to initialize the motor posi- 
tion, which is used, in turn, to provide the output absolute 
hand-wheel position signal. 

[0034] When steering assist is provided , the motor po- 
sition has a small compliance with respect to the output 
shaft due to the motor coupling. The absolute hand- 
wheel position tracking system 110 compensates for 
this compliance to increase the accuracy of the absolute 
hand-wheel position signal. 

[0035] Turning now to FIG. 6, a portion of the error 
integration function 120 of FIG. 5 is shown in greater 
detail and indicated generally by the reference numeral 
121. The portion of the error integration function 121 re- 
ceives the hand-wheel position offset error signal at an 
error limit function block 1 60. An output of the error limit 
function 160 is input to a scaler 162. 
[0036] The scaled output of scaler 162 is input to a 
non-inverting input of asummingjunction 164. An output 
of junction 164, indicative of an offset state, is input to 
a series divider 1 66. An output of the divider 1 66, which 



is indicative of zeroed motor position, is passed only if 
the enabling signal of function block 1 1 4 is logically true. 
The output of the summing junction 164 is a state vari- 
able indicative of the hand-wheel offset relative to the 
5 motor, which is fed back to a delay or integration element 
168 having an output feeding back to a non-inverting 
input of the summing junction 164. 
[0037] As shown in FIGs. 7 and 8, two exemplary con- 
figurations of the hand-wheel position calculation func- 
10 tion are shown that may be used in the absolute hand- 
wheel position tracking systems 10 of FIG. 4 and 110 of 
FIG. 5, respectively. Thus, in alternate embodiments, 
the hand-wheel position initialization function blocks 12 
of FIG 4 and 112 of FIG. 5 can be any function blocks 
15 that calculate initial hand-wheel position from a hand- 
wheel position sensor or comparable source. 
[0038] In FIG 7, the hand-wheel position initialization 
function block 12 of FIG. 4 includes a relative hand- 
wheel position function block 33 that receives DTWsen- 
20 sor position signals P1 and P2, and produces a signal 
indicative of the relative hand-wheel position. A revolu- 
tion offset index determination function block 34 re- 
ceives a third signal indicative of the number of turns of 
the hand-wheel and produces a signal indicative of the 
25 revolution offset index. The signal indicative of the rev- 
olution offset index and the signal indicative of the rela- 
tive hand-wheel position are received, in turn, as inputs 
to a hand-wheel position calculation function block 36, 
which outputs a signal indicative of hand-wheel position 
30 to a non-inverting input of a summing junction 38. An 
inverting input of the summing junction 38 receives a 
constant position zero calibration signal from a function 
block 40, and produces as output a signal indicative of 
the absolute hand-wheel position. 
35 [0039] In operation, the hand-wheel position initializa- 
tion function block 12 of FIG. 4 makes use of the DTW 
sensor providing P1 and P2 signals, along with a third 
sensor signal P3 that gives the turn information of the 
hand-wheel. This signal steps, every 180 degrees, 
40 through the lock to lock travel of the hand-wheel, al- 
though other step increments, such as, for example, 
every 90 degrees may be used in alternate embodi- 
ments. The function block uses P1 and P2 to provide 
relative position within 360 hand-wheel degrees. This 
45 information is then used with the P3 signal to compute 
the absolute hand-wheel position that gives absolute 
hand-wheel position over the entire hand-wheel travel. 
[0040] Likewise, in FIG. 8, the hand-wheel position in- 
itialization function block 11 2 of FIG. 5 includes a relative 
so hand-wheel position f u nction block 1 33 that receives the 
DTW sensor position signals P1 and P2, and produces 
a signal indicative of the relative hand-wheel position. 
An unadjusted position function 142 receives the rela- 
tive hand-wheel position from the function block 1 33 and 
55 a signal indicative of motor position, and produces as 
output a signal indicative of an unadjusted hand-wheel 
position. 

[0041] A vehicle dynamics function 1 44 receives the 
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signal indicative of unadjusted hand-wheel position from 
the function 142, a signal indicative of a torque assist 
command, a signal indicative of a torque applied to the 
hand-wheel by a driver, a signal indicative of a vehicular 
speed, and a signal indicative of an assist motor veloc- 
ity; and produces af irst signal indicative of a hand-wheel 
revolution or turn offset and a latching signal. A travel 
exclusion function 146 also receives the signal indica- 
tive of unadjusted hand-wheel position from the algoritm 
142, and produces a set of currently possible hand- 
wheel revolution orturn offset signals. A stored absolute 
position is retrieved from a memory location 147, where 
it was placed during the last EPS system shutdown, and 
received by a store last position function 1 48. The algo- 
ritm 148 also receives thesignal indicative of unadjusted 
hand-wheel position from the function 142, and produc- 
es a signal indicative of the validity of the stored position 
as well as a signal indicative of the actual revolution off- 
set of the stored position. 

[0042] A decision making function 1 50 receives each 
of the signals indicative of unadjusted hand-wheel po- 
sition from the function 142, hand-wheel revolution or 
turn offset and the latching signal from the function 1 44, 
set of currently possible hand-wheel revolution or turn 
offset signals from the function 146, and validity of the 
stored position as well as the actual revolution offset of 
the stored position from the function 148; and produces 
a signal indicative of a selected revolution offset and a 
signal indicative of a percentage of return motion to- 
wards the center of the travel of the hand-wheel . A slew 
ramp function block 152 receives the signal indicative 
of the percent of return motion and produces a signal of 
a percentage of return slew rate. 
[0043] A walking function block 1 54 receives the sig- 
nal indicative of the selected revolution offset from the 
function 150 and the signal indicative of unadjusted 
hand-wheel position from the function 1 42, and produc- 
es a signal indicative of a return state (described above 
with reference to FIG. 2) and a signal indicative of a fil- 
tered revolution offset. A summing junction 1 56 receives 
at a non-inverting terminal the signal indicative of unad- 
justed hand-wheel position from the function 142, and 
receives at an inverting terminal the signal indicative of 
the filtered revolution offset from the walking function 
block 1 54; and produces a signal indicative of the abso- 
lute position of the hand-wheel. 

[0044] Thus, in operation of the absolute hand-wheel 
position tracking system, the motor position signal pro- 
vides relative position over the entire rack travel. A zero 
offset error is calculated between the measured hand- 
wheel position and absolute position. The error is inte- 
grated to provide a motor position calibration or zero 
point that is subtracted from the motor position to pro- 
vide the final output absolute hand-wheel position. The 
error integrator operates only under conditions that are 
determined by the enable function. Once the motor po- 
sition zero point has been initialized, absolute position 
will continue to be updated using motor position, wheth- 



er or not the error integrator is enabled. 
[0045] The valid status of the hand-wheel position sig- 
nals and corresponding fault status are used as condi- 
tions to enable the Error integrator. In addition, the motor 
5 wind-up with respect to the hand-wheel, which might 
yield an incorrect value of absolute position if the error 
was allowed to be integrated, is also used as an ena- 
bling condition for the Error Integrator. The method uses 
assist torque as an input to make a determination of the 
10 motor wind-up. 

[0046] The diagnostic strategy used checks whether 
hand-wheel position was calculated on initialization and 
then provides absolute position information for the du- 
ration of that ignition cycle. Thus, faults are logged if sig- 
15 nais for hand-wheel position indicated in FIG. 7 and FIG. 
8 are determined to be invalid on initialization. If invalid 
hand-wheel signals are detected during operation, the 
absolute position continues to be updated based on mo- 
tor position signals and no critical faults become logged. 
20 [0047] An advantage of the absolute hand-wheel po- 
sition tracking system is that valid initial measured hand- 
wheel position signals allow for an absolute hand-wheel 
position signal based on motor position to be provided 
for the duration of that ignition cycle. The unique ap- 
25 proach of using the error integrator and motor position 
allows for invalid hand-wheel position signals during op- 
eration. It also achieves a reliable and robust indirect 
measurement of absolute hand-wheel position. This 
makes the function less dependent on the hand-wheel 
30 position signals after the function has initialized. If ini- 
tialized correctly, column hand-wheel position faults 
need not be logged during operation which will reduce 
warranty costs. This allows for the use of hand-wheel 
position sensors that that need only provide valid meas- 
35 ured hand-wheel position on initialization. 

[0048] Accordingly, embodiments of the absolute 
hand-wheel position tracking system include EPS sys- 
tems providing a determination of hand-wheel position 
that is robust to sensor failures that may occur during 
40 operation, with the added advantage of low software 
overhead, 

[0049] While the description has been made with ref- 
erence to exemplary embodiments, it will be understood 
by those of ordinary skill in the pertinent art that various 

45 changes may be made and equivalents may be substi- 
tuted for the elements thereof without departing from the 
scope of the disclosure. In addition, numerous modifi- 
cations may be made to adapt the teachings of the dis- 
closure to a particular object or situation without depart- 

50 ing from the essential scope thereof. Therefore, it is in- 
tended that the Claims not be limited to the particular 
embodiments disclosed as the currently preferred best 
modes contemplated for carrying out the teachings 
herein, but that the Claims shall cover all embodiments 

55 falling within the true scope and spirit of the disclosure. 
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Claims 

1. An absolute hand-wheel position tracking system 
(1 0, 110) for an electric power steering system (70) 
having a hand-wheel (76), an assist motor (94) for 5 
providing an assist torque disposed relative to the 
hand-wheel, and a motor position sensor (95) re- 
sponsive to the assist motor disposed at the assist 
motor; the absolute hand-wheel position tracking 
system (1 0) comprising: u 

a hand-wheel position initialization function 
(12, 112) responsive to said hand-wheel (76); 
a motor position correction and scaling function 
(16,116) responsive to said motor position sen- *• 
sor (95) and responsive to said assist torque; 
an enable function (14,11 4) responsive to said 
assist torque and responsive to said hand- 
wheel position initialization function (12); and 
an absolute hand-wheel position generation 2 
function (18) in signal communication with said 
hand-wheel position initialization function (12), 
said motor position correction and scaling func- 
tion (16), and said enable function (14). 

2. A tracking system as defined in Claim 1 , further 
comprising: 

a hand-wheel position sensor (102) disposed 
relative to said hand-wheel (76) in signal com- ; 
munication with said hand-wheel position ini- 
tialization function (12). 

3. A tracking system as defined in Claim 2, further 
comprising: 

an absolute hand-wheel position initialization 
function (112) in signal communication with 
said hand-wheel position sensor (102). 

40 

4. A tracking system as defined in Claim 1, further 
comprising: 

an absolute hand-wheel position initialization 
function (112). 45 

5. A tracking system as defined in Claim 1, further 
comprising: 

a motor position scaler (1 1 9) in signal commu- so 
nication with said motor position sensor (95). 

6. A tracking system as defined in Claim 5, further 
comprising: ^ 

a motor compliance compensation function 
(122) responsive to said assist torque. 



7. A tracking system as defined in Claim 1, further 
comprising: 

a torque sensor (1 03) in signal communication 
with said hand-wheel (76). 

8. A tracking system as defined in Claim 1, further 
comprising: 

an error integration function (120) in signal 
communication with said hand-wheel position 
initialization function (112) and said enable 
function (114). 

9. A tracking system as defined in Claim 1, further 
comprising: 

a relative hand-wheel position function (33, 
133) responsive to said hand-wheel; and 
an absolute hand-wheel position initialization 
function (12, 112) in signal communication with 
said relative hand-wheel position function. 

10. A tracking system as defined in Claim 1, further 
comprising: 

an error integration function (120) in signal 
communication with said hand-wheel position 
initialization function (112); and 
a filtering function (154) in signal communica- 
tion with said hand-wheel position generation 
function (118) to produce a signal indicative of 
an absolute hand-wheel position. 

1 1 . A tracking system as defined in Claim 1 0, the filter- 
ing function (154) comprising: 

a switch box function (1 32) in signal communi- 
cation with the hand-wheel position initializa- 
tion function (112). 

1 2. A tracking system as defined in Claim 1 0, the filter- 
ing function (154) comprising: 

a walk function (154) in signal communication 
with the hand-wheel position generation func- 
tion (118). 

13. A tracking system as defined in Claim 10, further 
comprising: 

a relative hand-wheel position function (33) re- 
sponsive to the hand-wheel; 
a revolution offset index determination function 
(34) responsive to the hand-wheel (76); 
a hand-wheel position calculation function (36) 
in signal communication with said relative 
hand-wheel position function (33) and said rev- 
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olution offset index determination function (34); 
and 

a zero position calibration function (40) in signal 
communication with said hand-wheel position 
calculation function (36) to produce a signal in- 
dicative of an initialized absolute hand-wheel 
position. 

14. A tracking system as defined in Claim 1, further 
comprising; 

an error limit function (160) in signal communi- 
cation with said hand-wheel position initializa- 
tion function (112); and 

an offset error integrating function (121) in sig- 
nal communication with said error limit function 
(160) and said enabling function (114) to pro- 
duce a correction to a signal indicative of a mo- 
tor position. 

15. A tracking system as defined in Claim 1, further 
comprising: 

a relative hand-wheel position function (33) re- 
sponsive to the hand-wheel (76); 
a revolution offset index determination function 
(34) responsive to the hand-wheel; 
a hand-wheel position calculation function (36) 
in signal communication with said relative 
hand-wheel position function (33) and said rev- 
olution offset index determination function (34); 
and 

a zero position calibration function (40) in signal 
communication with said hand-wheel position 
calculation function (36) to produce a signal in- 
dicative of an initial absolute hand-wheel posi- 
tion. 

16. A tracking system as defined in Claim 1, further 
comprising: 

a relative hand-wheel position function (33) re- 
sponsive to the hand-wheel; 
an unadjusted position function (142) in signal 
communication with said relative hand-wheel 
position function (133); 

a vehicle dynamics function (144) in signal 
communication with said unadjusted position 
function (142); 

a travel exclusion function (146) in signal com- 
munication with said unadjusted position func- 
tion (142); 

a store last position function (148) in signal 
communication with said unadjusted position 
function (142); 

a decision-making function (1 50) in signal com- 
munication with at least one of said vehicle dy- 
namics function (144), said travel exclusion 



function (1 46), and said store last position func- 
tion (148); 

a walk function (154) in signal communication 
with said decision-making function (150) and 
5 with said unadjusted position function (142); 

and 

a summing function (156) in signal communi- 
cation with said walk function (154) and with 
said unadjusted position function (142) to pro- 
10 duce a signal indicative of an absolute hand- 

wheel position. 

17. A tracking system as defined in Claim 16, further 
comprising a return state generator (154). 

15 

18. A tracking system as defined in Claim 16, further 
comprising a slew ramp function (1 52) for producing 
a signal indicative of a slew rate. 

20 19. A tracking system as defined in Claim 16, further 
comprising a storage location (147) for maintaining 
a stored absolute position during a shutdown. 

20. A method for tracking the absolute hand-wheel po- 
25 sition of an electric power steering system (70), the 
method comprising: 

initializing a signal indicative of hand-wheel po- 
sition; 

30 receiving a signal indicative of motor position; 

correcting said received signal in accordance 
with said initialized signal; 
scaling said corrected signal in accordance 
with a motor gear ratio; and 
35 tracking an absolute hand-wheel position cor- 

responding to said corrected and scaled motor 
position signal in accordance with said initial- 
ized signal. 

40 21. A method as defined in Claim 20, further compris- 
ing: 

controlling an assist motor (94) in accordance 
with said tracked absolute hand-wheel position 
45 to provide a return-to-center assist torque (90). 

22. A method as defined in Claim 20, further compris- 
ing: 

so measuring an initial hand-wheel position; 

enabling an integrating function (120) in corre- 
spondence with said measured hand-wheel po- 
sition; 

sensing a motor position; 
55 integrating an offset to said sensed motor po- 

sition to produce a signal indicative of a correc- 
tion to a signal indicative of a hand-wheel posi- 
tion; and 
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producing a signal indicative of an absolute 
hand-wheel position in correspondence with 
the sensed motor position and the integrated 
offset. 

23. An absolute hand-wheel position tracking system 
(10, 110) comprising: 



means for initializing a signal indicative of 
hand-wheel position; 10 
means for receiving a signal indicative of motor 
position; 

means for correcting said received signal in ac- 
cordance with said initialized signal; 
means for scaling said corrected signal in ac- 1$ 
cordance with a motor gear ratio; and 
means fortracking an absolute hand-wheel po- 
sition corresponding to said corrected and 
scaled motor position signal in accordance with 
said initialized signal. 20 

24. A tracking system as defined in Claim 23, further 
comprising: 

means for receiving a steering input from a driv- 25 
er; 

means for providing an assist torque to said 
steering input; 

means for sensing a position of said providing 
means; 30 
means for correlating said sensed position with 
the position of said receiving means; 
means for tracking a current absolute position 
of said receiving means in accordance with said 
correlating means; and 35 
means for controlling said providing means in 
accordance with said determining means to in- 
duce a return-to-center of said receiving 
means. 

40 

25. A tracking system as defined in Claim 23, further 
comprising: 

means for determining an initial hand-wheel po- 
sition; 45 
means for enabling an integrating function 
(120) in correspondence with said means for 
determining; 

means for sensing a motor position; 
means for integrating an offset to said means so 
for sensing to produce a signal indicative of a 
correction to a signal indicative of a hand-wheel 
position; and 

means for producing a signal indicative of an 
absolute hand-wheel position in correspond- 55 
ence with the sensing means and the integrat- 
ing means. 
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Fig.1. 
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Fig.3. 
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